Background-In the context of the shifting legal landscape of medical marijuana, different methods of cannabis administration have important public health implications. How medical marijuana laws (MML) may influence patterns of use of alternative methods of cannabis administration (vaping and edibles) compared to traditional methods (smoking) is unclear. The purpose of this study was to determine if the prevalence of use of alternative methods of cannabis administration varied in relation to the presence of and variation in MMLs among states in the United States.
Introduction
Close to half of states in the United States allow in-state procurement and consumption of cannabis (marijuana) for medical or compassionate purposes (National Conference of State Legislatures, 2015; ProCon.org, 2015b) , four states also allow for recreational use, and more states are considering similar legislation (ProCon.org, 2015a (ProCon.org, , 2015c . Misuse of cannabis can have a variety of negative effects on users (Hall, 2009) and in states where cannabis is medically legal, individuals appear to have a higher likelihood of cannabis use and report lower perceived risk associated with cannabis use (Cerda, Wall, Keyes, Galea, & Hasin, 2012; Wall et al., 2011) . Other studies, however, suggest that medical marijuana laws (MML) have little impact on the prevalence of current use status (Choo et al., 2014; Harper, Strumpf, & Kaufman, 2012; Hasin et al., 2015; Lynne-Landsman, Livingston, & Wagenaar, 2013) . One important component of medical cannabis legalization that has yet to be explored is the relationship between MMLs and the methods that individuals use to consume cannabis.
There are a variety of ways to consume cannabis (Schauer, King, Bunnell, Promoff, & McAfee, 2016) . The three most common methods are inhalation via smoking, inhalation via vaporization (vaping), and ingestion of edible products. The method of administration can impact the onset, intensity, and duration of psychoactive effects, effects on organ systems, and the addictive potential and negative consequences associated with use (Julien, 1995) . With smoked cannabis, the psychoactive effects and peak THC blood levels occur in minutes, and the effects last approximately one to four hours Huestis, Sampson, Holicky, Henningfield, & Cone, 1992; Lemberger et al., 1972) . Vaping, defined as "using electricity to heat cannabis products so that the cannabis resin is released as a vapor that is inhaled," (Malouff, Rooke, & Copeland, 2014 ) has a similar onset, peak, and duration as smoking and produces a similar high (Abrams et al., 2007) . Eating cannabis (edibles) produces a different pharmacokinetic profile than smoking or vaping (Aggarwal, Kyashna-Tocha, & Carter, 2007; Carter, Weydt, Kyashna-Tocha, & Abrams, 2004) . Onset of the effect is delayed to approximately 30 to 60 minutes (Lemberger et al., 1972) , peak blood levels of THC occur approximately three hours later (Lemberger et al., 1972) , and the effects can last over six hours (Lemberger et al., 1972) .
Method of administration of cannabis can also have differential impact on the user's health. Smoking allows the user to more effectively self-titrate the dose and desired level of intoxication (Carter et al., 2004) but portends inhalation of carcinogenic materials and adverse effects on respiratory health (Aldington et al., 2007; Tetrault et al., 2007; Wu, Tashkin, Djahed, & Rose, 1988) . Additionally, enlisting multiple ways of smoking cannabis (e.g., joints, pipes, bongs) is associated with greater probability of problematic use or dependence (Baggio et al., 2014; Chabrol, Roura, & Armitage, 2003) . The long-term health consequences of regularly vaping cannabis are not known but vaping may minimize impact on respiratory function compared with smoking cannabis by reducing the inhalation of combustible smoke and its carcinogenic constituents (Abrams et al., 2007; Gieringer, 2001; Hazekamp, Ruhaak, Zuurman, van Gerven, & Verpoorte, 2006; Pomahacova, Van der Kooy, & Verpoorte, 2009; Van Dam & Earleywine, 2010) . People may prefer vaping instead of smoking as their primary method of administration as it is reported to be a better tasting, more efficient, and cost effective way to obtain the desired euphoric effect Malouff et al., 2014) . These "positive" aspects of vaping and the perception of reduced respiratory system harm could conceivably lead to more frequent consumption or earlier initiation of cannabis, and a concomitant increased risk of developing problematic use or addiction . Edibles also allow the user to avoid inhaling smoke; however, it is harder to titrate the intoxicating effects due to the delayed and variable onset of effects. Consequently edibles have recently been tied to cannabis "overdose" following ingestion of additional doses because of the misperception that the initial dose had not produced the desired effect (Ghosh et al., 2015; MacCoun & Mello, 2015) . Availability of edibles has also been associated with increased rates of accidental pediatric ingestion of cannabis and associated adverse effects (Ghosh et al., 2015; Wang, Roosevelt, & Heard, 2013; Wang et al., 2014) .
The regulation of medical marijuana across the United States is marked by extreme legislative and regulatory heterogeneity. Medical marijuana laws enacted to address the dispensation and consumption of marijuana for medical purposes have been in place for over a decade in some states and only a few years in others (ProCon.org, 2015b) . Additionally, some MML states, but not all, have developed state regulated cannabis dispensary systems (i.e., stores or "pharmacies") that provide access to novel cannabis products such as vaporizers and edibles. Dispensaries have been linked with availability of higher potency (% THC) cannabis (Ghosh et al., 2015; Sevigny, Pacula, & Heaton, 2014) increased cannabis related hospitalizations (Mair, Freisthler, Ponicki, & Gaidus, 2015) , and the sale of cannabis products with highly inaccurate labeling of the active ingredients in cannabis (e.g., %THC and cannabidiol) (Vandrey et al., 2015) . Among the MML states that allow for dispensaries, the number of dispensaries varies greatly, with hundreds of dispensaries permitted in some states to only a handful permitted in others (Colorado Department of Revenue Enforcement Division, 2015; State of New Jersey Department of Health). Consequently, states that have had an MML in place for longer periods of time do not necessarily have more dispensaries.
Legalization of cannabis use and the sale of cannabis most likely prompt increased development, production, and marketing of desirable cannabis products and delivery systems to increase sales and meet consumer demand (Colorado Department of Revenue Enforcement Division, 2015; Ghosh et al., 2015) . The goal of the present study was to explore how the existence of MMLs and differing MML dispensary policies are related to three methods of cannabis administration -smoking, vaping, and edibles. Specifically, we examined three aspects of legalization status across states, (1) MML status (yes or no); (2) the duration of time a state has had an MML in place; and (3) the density of cannabis dispensaries within each state. Primary hypotheses were that having an MML, increased duration of MML status, and higher density of dispensaries would be associated with increased likelihood of ever use, preference for, and younger age of initiation of the less common methods of cannabis administration (i.e., vaping and edibles).
Methods

Survey and Recruitment
The Dartmouth Committee for the Protection of Human Subjects approved the study. A survey was administered using Facebook paid advertising mechanisms to target and recruit a self-selected convenience sample of cannabis users. Advertisements for the survey were shown to a targeted audience of cannabis users through the use of proprietary marketing algorithms that utilize Facebook users' self-reported interests. Examples of marijuana-related interests included association with organizations such as NORML or High Times Magazine. Facebook delivered an advertisement to the screens of these individuals when they logged into their account. Clicking on the advertisement led to the informed consent page. The informed consent page explained the purpose of the survey and included language stating that IP addresses and other identifying information would not be collected or linked to responses (Qualtrics default IP address logging features were disabled for this study). Respondents who provided consent were re-directed to the survey hosted through the Qualtrics online survey platform. Multiple responses for a given participant were prevented with a Qualtrics feature that uses cookies instead of IP addresses to block participants from taking the survey more than once and preserves anonymity. The survey first screened for cannabis use and excluded those who had never used. A data quality-check question, "Please click 4 for this question", ensured that responses came from people and not internet bots and that respondents were attending to the questions. Respondents were not compensated.
The survey was conducted in two phases; a 63 item and then 72 item version of the survey was administered over a 35 day period in October and November, 2014, and an 8 day period in February, 2015, respectively. Questions added in the second survey were aimed at collecting additional data on demographics, patterns of vaping and other substance use. Only questions that were included in both phases were used in these analyses. Survey completion rates did not differ by survey phase (83% vs 80% in phases one and two respectively). Survey items assessed sociodemographics (e.g. age, gender, race, education), current and past cannabis use history and patterns (e.g. lifetime use status, age of initiation, and frequency of use, for each method of administration) and information on reasons and preferences for methods of cannabis use and lifetime use of other substances (Lee, Crosier, Borodovsky, Sargent, & Budney, 2015) .
Classification: MML State, Duration, and Dispensary Density
Respondents were classified as either living in an MML state or a non-MML state using their self-reported state residence. The twenty-four states that permit in-state procurement and consumption of cannabis plant material or psychoactive THC extracts for medical purposes were designated as a current MML state based on legislation that had been enacted as of October 2014 (Law Atlas The Policy Surveillance Portal, 2014; Marijuana Policy Project, 2014; National Conference of State Legislatures, 2015; ProCon.org, 2014 ProCon.org, , 2015b . MML states were then classified by the duration of time their MML had been in place using three categories: (1) 0 to 5 years (n=11 states), (2) 6 to 10 years (n=3 states), and (3) >10 years (n=10 states). The approximate number of dispensaries per state was obtained using various sources: contacting state representatives of medical marijuana programs, annual state medical marijuana reports, and department of health or state medical marijuana program websites. The number of dispensaries per 100,000 people in each state was estimated using the 2014 US census population estimates (United States Census Bureau), and categorized as follows: (1) MML but no dispensaries (n=13 states), (2) <1 dispensary per 100,000 people (n=5 states) or (3) ≥1 dispensary per 100,000 people (n=6 states).
Analysis
Initial univariate point estimate analyses using chi squared, t-tests and ANOVAs were performed to examine relationships between the three MML feature variables (MML status, duration of MML status, and density of dispensaries) and the three methods of administration variables (ever use, preference for, and age of initiation of smoking, vaping, and edible cannabis). The outcomes of preference and age of initiation were analyzed only among the subset of respondents who had ever used the method of administration of interest. An alpha of 0.01 was used in all analyses to account for performing multiple tests and the large sample size.
These same relationships were assessed with multivariable logistic and linear regression to control for potential confounders (age, gender, race, education, lifetime days of cannabis use, and age of onset of cannabis use). In each analysis, non-MML states were the reference group when analyzing the effects of duration of MML and dispensary density using dummy variables. To test for trends within MML states only, similar adjusted logistic regressions were performed with an ordinal categorical variable for either duration of MML status or dispensary density. When significant odds ratios were observed for these variables, a second adjusted logistic regression with a dummy coded version of that variable was conducted to clarify any significant differences across duration of MML or density of dispensary categories. In these analyses the referent group was either MML duration of 0-5 years or MML state with no dispensaries. All analyses were conducted using Stata (version 14 StatCorp, College Station, TX).
2.4.1. Missing Data-Only the age variable had a substantial proportion of missing responses (n=659, see Table 1 ). Chi squared analyses and t-tests comparing those who reported their age vs. those who did not on the primary ever use, preference, and age of initiation outcomes were not significant. (p=0.15 to 0.93). We used a multiple imputation model carried out to 50 iterations to conduct the adjusted logistic and linear regressions. Primary independent variables (MML status, duration of legalization, and dispensary prevalence) and dependent variables (ever use of smoking, vaping, and edibles) were used to impute missing data. Complete case analyses were performed as a sensitivity check, and yielded similar findings as those from the multiple imputation analyses.
Results
Description of the Sample
Advertisements were shown to 168,894 people out of whom 3,708 (2.2%) clicked the link, and of which 2,838 (1.7%) passed the data-quality check question, completed the survey, reported use of cannabis in their lifetime and reported the state in which they lived. Table 1 displays detailed characteristics of the sample. The mean age was 32.5 years (SD=15.5), 84.5% were male, and the race/ethnicity distribution was 74.4% Caucasian, 14.6% Hispanic or Latino, 7.5% Black and 3.5% other. Approximately 14.5% reported having at least a college degree.
A comparison with 2014 United States census data indicated that the proportion of survey respondents from each state corresponded closely to the population proportion across US states (Pearson's r = 0.94, p<0.0001) suggesting that states with more liberal marijuana laws were not over represented in this convenience sample. Using the public dataset from the 2013 National Survey on Drug Use and Health (United States Department of, Human Services. Substance, Mental Health Services Administration. Center for Behavioral Health, & Quality, 2015), we compared the final sample to a nationally representative sample of individuals who used cannabis in the past month. Cannabis users in the current study were more likely to be daily cannabis users and have an earlier age of onset of cannabis use.
Univariate Analyses
Findings from the univariate analyses are detailed in Table 2 .
Ever Use of Method-
The prevalence of ever use of cannabis via vaping or edibles was significantly higher among respondents in MML states compared to respondents in non-MML states (χ 2 =65.0, p<0.001; χ 2 =33.00, p<0.001, respectively). Significant differences in ever use of vaping and edibles were observed across the four duration categories of MML status (χ 2 =72.0, p<0.001; χ 2 =68.6, p<0.001, respectively), and across the density of dispensaries categories (χ 2 =69.5, p<0.001; χ 2 =54.3, p<0.001 respectively), with the percentage of ever use increasing incrementally with higher density of dispensaries.
Preferences for Method-A higher proportion of respondents from non-MML
states preferred smoking (χ 2 =13.6, p<0.001). Significant variation was observed across durations of MML status and dispensary density categories in preference for smoking (χ 2 =16.8, p=0.001; χ 2 =18.7, p<0.001 respectively) but not for vaping, and edibles. The percentage who preferred smoking decreased with higher density of dispensaries.
3.2.3.
Age of Initiation-No significant differences in age of onset of smoking, vaping, or edibles were observed between respondents from MML and non-MML states, across durations of MML status, or across dispensary density categories. Table 3 presents odds ratios (OR) and 99% confidence intervals from the imputed logistic regression analyses of likelihood of ever use of methods of administration controlling for age, gender, education, race, age of cannabis use onset, and total days of lifetime cannabis use. Similar to univariate findings, the likelihood of ever using cannabis via vaping and edibles was significantly higher among respondents from MML states compared to non-MML states. This finding held when separate comparisons of respondents from each MML duration category (0-5 years, 6-10 years, and >10 years) were made to respondents from non-MML states (Table 3) . Ever use among respondents from the three duration categories (MML states only) was significant for vaping and edibles (OR: 1.21, 99% CI: 1.01-1.45, p=0.007; OR: 1.70, 99% CI: 1.38-2.10, p<0.001 respectively). Respondents from states with a longer duration (>10 years) had a significantly higher likelihood of ever use of vaping than those from states with a shorter duration (0-5 years) (OR: 1.48, 99% CI: 1.03-2.14, p=0.005). Respondents from states with moderate (6-10 years) and longer duration had significantly higher likelihoods of ever use of edibles than respondents from states with shorter duration (OR: 2.00, 99% CI: 1.00-3.98, p<0.01; OR: 2.86, 99% CI: 1.87-4.36, p<0.001 respectively).
Multivariable Logistic Regression Analyses
Ever Use of a Method of Administration-
Parallel analyses among dispensary density categories revealed that respondents from MML states without dispensaries, with lower dispensary density, and with higher dispensary density, each had significantly higher likelihoods of ever using vaping and edibles than non-MML states (Table 3) . Ever use also significantly differed among the three dispensary density categories (MML states only) for vaping and edibles (OR: 1.22, 99% CI: 1.01-1.46, p=0.007; OR: 1.56, 99% CI: 1.27-1.93, p<0.001, respectively). Compared to respondents from MML states with no dispensaries, respondents from MML states with the highest dispensary density (≥1 per 100,000) had a significantly greater likelihood of ever use of vaping and edibles (OR: 1.48, 99% CI: 1.02-2.15, p=0.007; OR: 2.48, 99% CI: 1.61-3.80, p<0.001 respectively). 
Preferences for Method of
Age of Initiation of Method of Administration-Among
those who had ever used each of the three different methods of administration, no differences in age of onset of each method were observed in relation to MML status, duration, or dispensary density. Subsequent exploratory linear regression analyses demonstrated that regardless of MML status, the age of onset of vaping and edible use was positively related to duration of any cannabis use (longer duration of use, later onset of vaping and edibles; shorter duration of vaping and edible use, earlier onset of use of these methods) (β=0.83, 99% CI: 0.80-0.87, p<0.001; β=0.26, 99% CI: 0.23-0.30, p<0.001 respectively) (Figure 1). 3.3.4. Impact of Recreational Marijuana Laws-To determine if recreational marijuana laws affected our findings, we conducted multiple sensitivity analyses. Imputed multiple logistic regressions simultaneously adjusting for recreational law status (yes/no), MML status (yes/no), and dispensary status (yes/no) (in addition to age, gender, race, education, lifetime days of cannabis use, and age of onset of cannabis use) were used to predict ever use of vaping and ever use of edibles. In the vaping model, MML status was a significant predictor (OR: 1.77, 99% CI: 1.35-2.33, p<0.001), but neither recreational legalization status nor dispensary status were significant predictors (OR: 1.65, 99% CI: 0.95-2.87, p=0.02; OR: 1.17, 99% CI: 0.81-1.71, p=0.27 respectively). In the edible model both MML status and dispensary status were significant predictors (OR: 1.33, 99% CI: 1.01-1.76, p=0.007; OR: 1.88, 99% CI: 1.25-2.84, p<0.001) while recreational legalization status was not (OR: 1.39, 99% CI: 0.74-2.62, p=0.18). These results indicate that MML status is a robust and significant predictor of ever use of alternative methods of administration even after the effect of recreationally legal states has been accounted for.
Discussion
Findings from this convenience sample of cannabis users support the hypotheses that vaping and use of edible marijuana appear more prevalent in states with MMLs, in states that have had MMLs in place for a longer time, and in MML states with a higher per capita density of cannabis dispensaries. If future investigations find these relationships to be causal, that is, MMLs do change how cannabis is used, then legislators and policy makers in the United States and other countries should be aware of the potential impact, pro or con, of alternative methods of cannabis consumption on public health.
The positive relationship between the duration an MML is in place and ever use of vaping or edibles suggests that implementation of MMLs is closely related to increased use of alternate methods. However the parallel observation that the existence and density of cannabis dispensaries were positively related to ever use of both vaping and edibles suggests that it may not be the mere presence of an MML, but other components of MML implementation (e.g., dispensary regulations) that influence methods and patterns of cannabis use. Discrepancies in regulatory policy related to dispensaries (e.g. quotas) may have important implications in this regard (Pacula, Powell, Heaton, & Sevigny, 2015) . The popularity and utilization of less traditional methods of cannabis administration such as edibles and vaping, is likely to be a function of the availability and marketing of such products. A prior report indicated that dispensaries package and sell a variety of attractive and high potency edible cannabis products not readily available elsewhere (MacCoun & Mello, 2015) , likely contributing to the greater prevalence of use of edibles. The proliferation of dispensaries that sell vaping products or the emergence of independent vaping shops may also contribute to the association between MML status and use of vaping methods, but to our knowledge, no data on the prevalence of vaping retail stores are available.
The somewhat counterintuitive observation that individuals in MML states are less likely to prefer smoking cannabis but not more likely to prefer vaping or edible use warrants note.
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participants in those states indicating they preferred smoking (because more preferred vaping or eating). Our comparative analyses of preference for vaping or edibles, however, only included those who ever vaped or used edibles, and here no differences were observed between MML and non-MML states. These observations suggest that the impact of MML status on preference likely relates to increased exposure to the method of use, that is, once people have tried varying methods, preference rates appear stable regardless of residence in an MML state or not.
The observation that cannabis users in MML states were more likely to have tried an alternative method of administration but not necessarily at a younger age merits comment. The positive relationship between years of cannabis use and the age of initiation of alternative methods regardless of MML status (Figure 1 ) suggests that alternative methods (vaping in particular) have become increasingly popular methods of administration in recent years , and thus both newer and more experienced cannabis users have both only recently initiated vaping.
Although recreational legalization status was not a significant predictor of increased use of alternative methods in our sensitivity analyses, the odds ratios associated with it were similar in size to the MML association. This finding warrants consideration as recreational legalization becomes more widely deliberated.
A number of important limitations of the present study warrant consideration and caution when interpreting our findings. Individuals who participated in this non-compensated Facebook survey reflect a convenience sample with associated potential selection biases and may differ from the general population of cannabis users. Indeed, as indicated above, this sample comprised a larger percentage of daily users than observed in a recent nationally representative sample of cannabis users. A recent study on the prevalence in the United States of various methods of administration of cannabis reported that smoking is the most commonly used method of administration (similar to our observed results), however, its reported prevalence of use of vaporization and edibles was lower than observed in our sample (Schauer et al., 2016) . This may be due to differences in sampling strategies as Schauer et al. used a probability based sampling method. If vape and edible users in MML states were more likely to respond to the survey, this selection bias could account for at least some of the observed differences associated with MMLs.
The decisions on how to categorize MML duration and dispensary density were arbitrary, other strategies could yield different results. Also, dispensary density classification was limited by (a) an unknown number of dispensaries operating within each state that are not sanctioned or counted in state reports and (b) analyses did not account for potential clustering of dispensaries in large urban areas. While vaping and edible use appears to be strongly associated with MML status, it is important to note that these data reflect reports of lifetime, or ever use, so these results may include participants that vaped or used edibles prior to enactment of MMLs in their respective states. Future studies that collect longitudinal data before and after medical legalization are needed to more fully understand the relationship between MMLs and methods of cannabis use.
Continued vigilance and data collection concerning how individuals are using cannabis is essential in order to detect shifts in patterns of use both before and after the implementation of MMLs. Legalization may prompt a rapid escalation in marketing of cannabis products and devices to administer cannabis. The speed of this escalation may depend on legislative rules and regulations such as placing quotas on dispensaries. Moving forward, cannabis users will likely be administering cannabis in different ways and using different cannabis products than in the past. An important strength of this study and its methods (Facebook sampling) is that repeated and perhaps highly generalizable observations can be acquired relatively quickly and at low cost. As such, this methodology may be used to systematically monitor the rapidly changing patterns of cannabis use and methods of use pre and post legalization as these changes are likely to have important public health implications. 
